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RUNNING IN HOT WEATHER - INTRODUCTION 
 
This unit presents a scientific enquiry about thermoregulation in the context of long-distance 
runners training in a location where weather conditions are sometimes hot and/or humid. 
The simulation allows students to manipulate the air temperature and air humidity levels, as 
well as whether or not the simulated runner drinks water. For each trial, data associated with 
the selected variables are displayed, including: air temperature, air humidity, drinking water 
(yes/no), sweat volume, water loss and body temperature. The runnerôs sweat volume, 
water loss and body temperature are also displayed on the top panel in the simulation panel. 
When the conditions trigger dehydration or heat stroke those health dangers are highlighted 
with red flags.  
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RUNNING IN HOT WEATHER - PRACTICE 
 
Before beginning the unit, students are introduced to the simulation controls and asked to 
practice setting each control. Help messages are displayed if students do not perform the 
requested actions within 1 minute. If students time-out by not acting within 2 minutes, they 
are shown what the simulation would look like if the controls were set as specified in the 
provided instructions. As explained in the orientation that students take before beginning the 
Science section, reminders about how to use the controls, as well as how to select or delete 
a row of data are available on each question screen by clicking on the ñHow to Run the 
Simulationò tab in the left pane. 
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RUNNING IN HOT WEATHER ï QUESTION 1 
 

 
 
Students are asked to use the simulation and the data they generate to identify whether the 
person running under the specified conditions is in danger of either dehydration or heat 
stroke. They are also asked to specify whether this is shown by the runnerôs sweat volume, 
water loss or body temperature.  
 

 Question Type Complex Multiple Choice  

Competency Interpret Data and Evidence Scientifically 

Knowledge ï System Procedural - Living 

Context Personal ï Health and Disease 

Difficulty 497 ï Level 3 

 
Scoring 
 
Full credit   
The student selects: 
The health danger that the runner encounters is (dehydration/heat stroke).1 
This is shown by the (sweat volume/water loss/body temperature) of the runner after a one-
hour run. 
 
 

                                                 

1 Note that underlining indicates the correct response.  
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Comment 
 
In this question, students are provided with the specific values for each of the variables in the 
simulation. They must set the controls as specified and run the simulation once. A red flag is 
displayed indicating that, under these conditions, the runner would suffer from water loss leading 
to dehydration. This is the easiest question in the unit, requiring students to carry out a 
straightforward procedure, identify the flagged condition in the display as shown below, and 
interpret the display to correctly identify water loss as the cause of the runnerôs dehydration.     
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RUNNING IN HOT WEATHER ï QUESTION 2 
 

 
 

Question Type Simple Multiple Choice/Open Response  

Competency Interpret Data and Evidence Scientifically 

Knowledge ï System Content ï Living 

Context Personal ï Health and Disease 

Difficulty 580 ï Level 4 

 
Scoring 
 
Full Credit 
The student selects:  
Drinking water would reduce the risk of dehydration but not heat stroke AND selects the 
following two rows in the data table: 

¶ Air temperature set to 35° C, 60% air humidity and ñNoò for drinking water AND  

¶ Air temperature set to 35° C, 60% air humidity and ñYesò for drinking water 
 

Partial Credit 
The student selects: 
Drinking water would reduce the risk of dehydration but not heat stroke AND selects 
incorrect or incomplete data. 
 
Comment 
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In question 2, students are asked to run the simulation holding the air temperature and 
humidity constant using specified values, and they must manipulate the variable of whether 
or not the runner drinks water. The simulation shows that running under the specified 
conditions without drinking water leads to both dehydration and heat stroke. In contrast, 
drinking water reduces the risk of dehydration but not the risk of heat stroke. Students must 
run the simulation twice in order to collect the data that supports their answer. Because 
students must manipulate one variable and compare the outcomes of two trials, this 
question is more difficult than the first question in the unit. 
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RUNNING IN HOT WEATHER ï QUESTIONS 3A AND 3B2 
 

 
  
3A  
 

 Question Type 
Multiple Choice and Open Response (select 
data) ï Computer Scored 

Competency Evaluate and Design Scientific Enquiry  

Knowledge ï System Procedural ï Living  

Context Personal ï Health and Disease 

Difficulty 531 ï Level 3 

 
3B  
 

 Question Type Open Response ï Human Coded 

Competency Explain Phenomena Scientifically  

Knowledge ï System Content ï Living 

Context Personal ï Health and Disease 

Difficulty 641 ï Level 5 

 
  

                                                 
2
 Note that these two questions are identified as Q03 and Q04 in the item codes. 
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Scoring  

3A  

Full Credit 
The student selects: 

Sweat volume increases 

AND  

The two selected rows must have air humidity of 60% and two different air temperatures 
selected (one lower and one higher ï such as 20°C in one row and 25°C in the second or 35°C 
in one row and 40°C in the second, etc.) In addition, drinking water must have the same setting 
(either ñYesò or ñNoò) in both of the selected rows.   

 

3B  

Note to coders in the coding guide:  
Coders will only code the response to the open-response question: What is the biological 
reason for this effect?  
The computer will separately score 0 or 1 for the selection and the rows of data. 
 Coders should code the written response based on the assumption that the student has 
selected ñSweat volume increasesò even if that is not the studentôs selection. 

 
Full Credit 

The studentôs response indicates or implies the function of sweat in cooling the body and/or 
regulating body temperature. 

¶ Sweat evaporates to cool the body when temperatures are high. 

¶ Increasing sweat levels in high temperatures keeps the body from getting too hot. 

¶ Sweat helps maintain body temperature at a safe level. 

 
Comment 
This set includes two separately coded questions: 3A is a multiple-choice question and also 
requires the selection of data to support that answer; 3B asks students to explain the reason 
that sweat volume increases under the specified conditions.  
 
In 3A, one variable is defined ï the humidity level ï and students must run the simulation 
using at least two different temperatures to show the impact of an increase in temperature on 
sweat volume. Students must identify at least two rows of data in the data table that supports 
their answer. This question falls at Level 3. 
 
Question 3B is the most difficult question in the unit at Level 5. It requires students to draw on 
their knowledge of biology (content knowledge) to explain that sweating cools the body at 
higher temperatures.  
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RUNNING IN HOT WEATHER ï QUESTION 43 
 

 
 
 

 Question Type Open Response ï Human Coded 

Competency Evaluate and Design Scientific Enquiry 

Knowledge ï System Procedural ï Living  

Context Personal ï Health and Disease 

Difficulty 592 ï Level 4 

 
Scoring 

Full Credit 

The student selects 35°C 

AND 

The two rows selected have 40% humidity at 35°C air temperature and 40% humidity at 40°C 
air temperature 

AND 

The student gives an explanation that indicates or implies that with humidity at 40%, 35°C is the 
highest air temperature that is safe from heat stroke, since moving the air temperature up from 
35°C to 40°C puts the runner into heat stroke.  

                                                 
3
 Note that this is identified as Q05 in the item codes. 
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¶ As the outdoor temperature goes up from 35° to 40°C, the body temperature goes above 
40°C, putting the runner in heat stroke. 

¶ At 40% humidity, running in 40°C air temperature leads to heat stroke, but at 35°C the 
runnerôs body temperature remains just below the level of heat stroke. 

¶ When the air temperature is increased, 40°C is the first time the runner gets heat stroke. 

¶ When humidity is 40%, the runner only gets heat stroke at 40°C. The other highest 
temperature is 35°C. 

¶ 40°C heat stroke, not 35°C. [Minimum response] 

 

Partial Credit  

The student selects 35°C 

AND 

The two rows selected have 40% humidity at 35°C air temperature and 40% humidity at 40°C 
air temperature 

AND 

The studentôs explanation is missing, unclear or incorrect.

 

OR 

The student selects 35°C 

AND 

Correct rows are not selected 

AND 

The student gives a correct explanation.

 

OR 

The student selects 40°C 

AND 

The two rows selected have 40% humidity at 35°C air temperature and 40% humidity at 40°C 
air temperature 

AND 

The student gives an explanation that indicates or implies that with humidity at 40%, 35°C is the 
highest air temperature that is safe from heat stroke, 

[Note: This last combination is given credit because students might simply interpret the question 
as: ñWhat is the lowest temperature that is unsafe?ò] 

 
Comment 
In this question, one variable is defined. With a set air humidity of 40%, students must run at 
least two trials in order to determine the highest temperature at which a person can run without 
getting heat stroke. They must draw on procedural knowledge to explain how the data they have 
collected supports their answer by indicating that at 40% humidity, an air temperature higher 
than 35°C results in heat stroke.  
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RUNNING IN HOT WEATHER ï QUESTION 54 
 

 
 
 

 Question Type Open Response ï Human Coded 

Competency Evaluate and Design Scientific Enquiry 

Knowledge ï System Procedural 

Context Personal ï Health and Disease 

Difficulty 598 ï Level 4 

 
 
Scoring  

Full Credit 

The student selects Unsafe 

AND 

The two rows selected have  

40% humidity at 40°C with Drinking Water=Yes and  

60% humidity at 40°C with Drinking Water=Yes 

AND 

                                                 
4
 Note that this is identified as question 6 in the item codes. 
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The student gives an explanation that indicates that with the runner suffering from heat stroke at 
both 40% and 60% humidity, there is a risk of heat stroke at 50% humidity in the same 
conditions.  

¶ With a temperature of 40°C and the runner drinking water, the runner will experience heat 
stroke at both 40% and 60% humidity, so the runner will probably experience heat stroke 
between those two levels of humidity, at 50%. 

¶ 50% is halfway between 40% and 60%, and both those levels involve heat stroke, so 50% 
probably does as well. 

¶ 40% is unsafe, so higher than that will be worse. [Minimum response. With a correct 
selection of data, this response can be read as explaining how the data supports a selection 
of unsafe for 50%.]  

Partial Credit  

The student selects Unsafe 

AND 

The two rows selected have  

40% humidity at 40°C with Drinking Water=Yes and  

60% humidity at 40°C with Drinking Water=Yes. 

AND 

The studentôs explanation is missing, unclear or incorrect. 

 

OR 

The student selects Unsafe 

AND 

Correct rows are not selected 

AND 

The student gives a correct explanation referring to results from the simulation. 

 
 
Comment 
This question requires students to extrapolate beyond the data that can be directly collected 
through the simulation. They must develop a hypothesis about the safety of running at 40°C at 
50% air humidity, where only 40% and 60% humidity levels are available in the simulation tools. 
The correct response is that it would be unsafe, and students must select one row with a 
humidity level at 40% and one at 60% with temperature and drinking water set as specified in 
the question in both rows. The explanation must indicate that, given that the runner would suffer 
from heat stroke at both 40% and 60% humidity at 40°C while drinking water, it is likely that heat 
stroke would also occur at 50% humidity. 
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BIRD MIGRATION ï QUESTION 1        (S656Q01) 

 

 
 
 

 Question Type Simple multiple choice 

Competency Explain Phenomena Scientifically 

Knowledge ï System Content ï Living 

Context Global ï Environmental Quality 

Difficulty 501 ï Level 3 

 
 
Scoring 
 
Full credit 
The student selects:  
Birds that migrated individually or in small groups were less likely to survive and have 
offspring.  
 
 
Comment 
In question 1, students are asked to select an explanation for the specified phenomenon 
that birds migrate in large groups. This question, which is at the very low end of Level 3, 
requires that students identify an appropriate conclusion about the evolutionary benefit of 
this behavior.  
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BIRD MIGRATION ï QUESTION 2        (S656Q02) 
 

 
 

 Question Type Human Coded 

Competency Evaluate and design scientific enquiry 

Knowledge ï System Procedural ï Living 

Context Global ï Environmental Quality 

Difficulty 630 ï Level 4 

 
Scoring 

Full Credit 

The student identifies at least one specific factor that can affect the accuracy of counts by 
observers. 

¶ The observers may miss counting some birds because they fly high. 

¶ If the same birds are counted more than once, that can make the numbers too high. 

¶ For birds in a large group, volunteers can only estimate how many birds there are.  

¶ The observers might be wrong about what kind of bird they are, so the numbers of that kind 
of bird will be wrong. 

¶ The birds migrate at night. 

¶ Volunteers will not be everywhere the birds migrate. 

¶ The observers can make a mistake in counting. 

¶ Clouds or rain hide some of the birds. 
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Comment 
To correctly answer this question, students must use procedural knowledge to identify a factor 
that might lead to inaccurate counts of migrating birds and explain how that could affect the data 
collected. Being able to identify and explain potential limitations in data sets is an important 
aspect of scientific literacy and locates this question at the top of Level 4.  
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BIRD MIGRATION ï QUESTION 3        (S656Q04) 

 

 
 
 

 Question Type Complex Multiple Choice 

Competency Interpret data and evidence scientifically 

Knowledge ï System Procedural ï Living 

Context Global ï Environmental Quality 

Difficulty 574 ï Level 4 

 
Scoring 
 
Full credit   
The student selects: 
BOTH of the following 2 responses:  
The maps show that northward migratory routes of some golden plovers are different from 
southward migratory routes. 
The maps show that migratory golden plovers spend their winter in areas that are south and 
southwest of their breeding or nesting grounds. 
 
Comment 
Question 3 requires students to understand how data is represented in two maps and use that 
information to compare and contrast migration routes for the golden plover in the autumn and 
spring. This Level 4 interpretation task requires students to analyse the data and identify which 
of several provided conclusions are correct.  
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METEOROIDS AND CRATERS ï QUESTION 1      (S641Q01) 

 
 

 
 

 Question Type Simple Multiple Choice 

Competency Explain phenomena scientifically 

Knowledge ï System Content ï Physical 

Context Global ï Frontiers 

Difficulty 483 ï Level 2 

 
Scoring 
 
Full credit  
The student selects: 
The meteoroid is attracted to the mass of Earth. 
 
 
Comment 
Question 1 requires students to apply simple scientific knowledge to select the correct explanation 
for why objects speed up at they approach Earth. This content question, which requires the 
students to explain a phenomenon scientifically, is at the top of Level 2.   
 
 
 


